Methanogenic fluorescent colonies can be clearly identified on roll tubes by using an epifluorescence microscope equipped with a x2 objective. Methanogenic and nonmethanogenic colonies could be counted in roll tubes prepared from methanogenic enrichment cultures. Late-developing colonies appearing after 25 days of incubation were mainly methanogenic.
Methanogenic bacterial isolation and cultivation techniques were facilitated by use of the roll tube method (9) . However, it is impossible to discriminate methanogenic bacteria from other bacteria by observing colonies formed on the roll tube with the naked eye. To count and isolate methanogenic bacteria by the roll tube method, many colonies had to be isolated from the medium and then selected.
Methanogenic bacteria can be easily distinguished from nonmethanogenic bacteria by taking advantage of the unique fluorescent pigment, factor420, of methanogenic bacteria (4, 5, 11) . Edwards and McBride (6) reported previously that fluorescent colonies of methanogenic bacteria could be identified on petri plates by using a dissecting microscope and UV light. In the case of roll tubes, however, the fluorescence was not as intense as that observed on petri plates because of light scattering at the glass interface and absorption of light by the medium (6). Many microbiologists have successfully used an epifluorescence microscope to distinguish methanogenic fluorescent colonies from nonfluorescent colonies, and this technique has been mentioned in the literature many times, although the details are not given here.
In this report, we describe a technique for identification and enumeration of methanogenic bacterial colonies on roll tubes by using an epifluorescence microscope. The novelty of this research lies in the use of a very low-power objective lens of the epifluorescence microscope for observation of fluorescent colonies. We also report the growth characteristics of methanogenic and nonmethanogenic bacterial populations in a methanogenic enrichment consortium on the basis of the time required for formation of colonies.
Methanogenic enrichment cultures were used throughout the examination. The enrichments were initiated by inoculating 10% methane fermentation sludges or various natural environments into 32-ml pressure glass tubes containing 10 ml of formate and H2-CO2 medium as a substrate for methanogenesis. The tubes were routinely transferred to a fresh medium (5%, vol/vol, inoculum) at 2-to 4-week intervals. Cultivation was performed at 30°C under static conditions. The medium was a modification of medium number 1 of Balch et al. (2) , which contained 0.1% sodium formate, 0.01% yeast extract, mineral salts, trace minerals, trace * Corresponding author.
vitamins, and reducing agents. The gas phase in each tube was replaced with an 80% H,-20% CO2 gas mixture at 2-atm overpressure. The anaerobic techniques for preparation and use of media were essentially the same as those of Hungate (9), as modified by Azuma and Suto to develop the gas-jet method (1) . Traces of 02 in the gases were removed by passing the gas through a reduced-copper column. Methane was determined with a Shimadzu GC-4C gas chromatograph equipped with a stainless-steel column, WG-100 (6.4 mm by 1.8 m), and a thermal conductivity detector.
Roll tubes were used for the colony counts. Population numbers in enrichments were expressed as CFU per milliliter of culture. The number of visible colonies was counted at suitable intervals. By plotting the counting data, the colonyforming curve (CFC) was obtained. To differentiate the retardation time of each colony, the colonies were marked with ink of different colors. Methanogenic colonies on roll tubes were observed directly with an Olympus model BHS-RFK epifluorescence microscope equipped with an Ushio USH 102D 100-W high-pressure mercury burner for a light source and an Olympus SPlan FL x2 objective lens. The filter system used was a V (BP-405) excitation filter and a dichroic mirror DM-455 with a built-in Y-455 barrier filter. Autofluorescent colonies were counted as methanogenic bacteria when examined by epifluorescence microscopy at 420 nm. The observation was performed in a dark room. Isolation was carried out in an anaerobic glove box under an atmosphere of 80% N2-10% C02-10% H2. Colonies on the roll tube were picked by using sterile bent Pasteur pipettes and then were transferred to the liquid medium. The isolates were purified by repeated isolation and subculturing in a roll tube.
The enrichments were stable for methane production, even after more than seven transfers. At the second, third, fifth, and seventh transfers, the anaerobic bacterial counts in the enrichments from the methane fermentation sludge ranged from 6.1 x 106 to 5.6 x 107 CFU/ml and did not change significantly between transfers. The numbers of methanogenic bacteria at each transfer may have been stable.
The CFC (7, 8, 10) proposed by Hattori Fig. 1 (dashed line). Methanogenic and nonmethanogenic colonies were counted in roll tubes prepared from the enrichment cultures (Table 1) . By using an epifluorescence microscope equipped with a x 2 objective, methanogenic fluorescent colonies could be counted directly on the roll tubes. Under an epifluorescence microscope, the colonies of methanogenic bacteria were bright blue and 0.3 to 0.5 mm in diameter. Of the total colony counts, the percentage of methanogenic bacterial counts ranged from 10 to 30% in all methanogenic enrichments. The fluorescent colonies were the last to appear. Colonies appearing after 25 days of incubation, which corresponded to the third tier on the CFCs, were mainly methanogenic.
The CFC of the enrichment culture obtained from methane fermentation sludge was analyzed by isolating the colonies on each tier of the CFC. Five strains were isolated, the (3, 12) and that Methanobacterium spp. produce and excrete amino acids (13) . Therefore, it is thought that the nonmethanogenic bacteria in group 3 require substrates and growth factors produced by other bacteria in the enrichment culture.
The methanogenic bacteria were enumerated exactly by using an epifluorescence microscope equipped with a x2 objective, and the isolation could be carried out easily. We were able to isolate not only hydrogen-utilizing but also acetate-or methanol-utilizing methanogenic bacteria from enrichments by the methods described above. The diameter of the fluorescent colonies was 1 to 1.5 mm. Acetate-or methanol-utilizing methanogenic bacteria isolated from enrichments of methane fermentation sludge with acetate or methanol medium as the methanogenic substrate were sarcina-type cells.
